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CONFIDENTIAL

Methods are given for calculating the sffeciive infrared radi-
ation {rom serodyramically heated windowe or uzikes. The radiation

gencrelly his a time-varying cornponent due elther to non-unifuem ir-

radia.ion of the chopping reficle or from louking at various parie of tie
heated window or spike due Lo scanning vt tracking operations. This

tirme-varying rastiation 3t the deth: Lar i shewn tnbe generailylolarable
t the scanning frequency 18 made small compares with the uperating

frequenciens passed by the amplilying sy stem. '\
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INTRODUCTION

Ina nssile with an infrarcd detection system 19 its nose 2eru-
dynatnic heating will cause the protective window (IR demve) to irradiate
the de ector.  In flight at hagh m.';ph numbers, the vadiation {frum the
window, called a "faine signal®, ma, completely ok the signal from
the target. In such cascs, same method must be found to reduce the
wardduw radisiton. One poesivility 18 lo replace the window by & narrow
spike an suggested inlef. L. The spiky separates the flow over the front
of the missiie reduting both the e;tl-.adyrdmix drayg and heating. The
spike, however, will become hot and radiate. This report deals withthe
radiation from the [Rdomie in B'art 1 and with the spike radiation in I"art
. It e assuined that the jemperature distribution on the spike or
window 18 know, I'unprldl.urcn are valouleied fur several cases an

Rl & lor example. Inthis present report, methods are giventor caliu-

latingthe radiation reachingthe detector from heated windows and spikes.
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PART I
RADIATION FROM IR DOMES

A. INTRODUCTION

This part of the report deals with the signals which are ro-
ceived by the detector due to the avrodynamic heating of different Llyp -8
of winduws, In cach case we have considered that the window is vsed
to protect a Sidewinder type IR aystem {(Ref. 3},

The Sidewinder type system considered consists of a folded
aptl.cal system having 4 primary inirroee which receives radiation and
teflecis it to a Becondary plane mirror where it is reflected and sent
through a reticle pattern {chopper) onto the surface of a detector {Fig. 1},
The Jdeld of view of this system at any instant is three degrees and the
toral rotaticn of the optical system is pius or minus 20 degrees from
the missile axis, In thiz geometry, the secondary mirror, itself, acts

as a mask blocking out the center of the incoming radiation ficld.

B. FALSE SIGNAL FRUM A HEMISPHERICAL WINDOW

The window radiation at the detectur will have, in general, a
time dependent part superimposed on a steady background level. Since
the non varying (*DCH} level will not b passed by the amplificrs in
the detecting system, its effect will be »nly to raise the background noise
of the detecting cell thus reducing its overall sensitivity, This problem
has been treated in detail in Ref, 4. We will now consider the time-
varying part of the window radiation.

The ddme-dependent ifradiation at the detector may be generated
Ly the heated window in a number of ways depending on the secker system,
The Sidewinder type svstem looks through different parts of its window
as it tracks. If the window !+ at a uniform temperature then no unsteady

false signal will be generated by the tracking motion since equal window

TR 227 1

CONFIDENTIAL

.- - e - e PITEE PR




COMFIDENTIAL

area isatwavs seen. When the windew is not al & sniform ewmperature,

false gipnals van be produced in several wavs which will be separately

anty gead in the following sections,

I, ¥alse Signad Fram Nou-Unitava lrre tation of Chopper

It the window rahiation produes a tune -dadependoent ) bat nar .
unferin irradivtion eu the chopper, then o dalse signal can be praduced
at iregnescies whith are Lavmonis of the chopping freguency,

Far any given pusit o ol the gpticat sy stem the window can o2
divided inlu three fraries One part will produce no drrahiabtion ol the
chppper aml henoe ne talse dignal, Anothey portion will peodace gy
radiation ol the (hoppyy whivh i synunvivical about the vhopper axis
atd e, theretore, il prroduce s talet sigoal, Lhe remaining
sraall porte - of the winduw wan rradiale the dhoppry non-#: mmstri-
vally and oD th votare, result 1 a fiise aigual,

Aceurding to Hedo 4, the wrradiaion of the relicdde i symnctrie
vab whwont the vptival axis, pruading the radiating aurface s within the
vulume formed by rutatang arvas & and B {1 Five <) avoat the S50 4xg5,
The radiation that in cantted atlon the two 3% aanaly, whose avdticvus
are given by G, F and U, b, respectively, 1 alsu received on the reg tie e
bat nere-umiformts, We sb0 o gdo these the ¥ o= annaly, o -L\ PRETIT
G, {ar wstance, the radidtion frutn o buait vn the uxtreme edt irradiates
only une vdge o the rebic e A the Taieting puind muves 1o the s bt
mure of the reticle s itbaninatod until, a5 wa muve intu roegavn A, the
ceticie s syonnetrivally b inated,

When the irradition of the retacle i nou-synmnelrical, the
spivning of the reticle will mudalate some fraction of the flux al the
chopping Doeguencys Thes, while tee total ainuunt of such: sao-sym-
metricul ircadiativn e small, it ray be modalated to the freguendies
which the detevting system readily \:11;1:\~pl.&,

As the Paeo~u® annali semple radiaticn around atl the bunudaries
of the wanulus A, B, woe may assume that the averave intensity of radi-
ation is the saine, and that the ratio of the total radiation from the von-a

annali ta that from A, B is in proportion 1o the projected area of the

R 227
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window in them. {For the hemispherical window there is a small eftect x
due to changing efiective thicknesa of the window which haa baen ncg- '

lected here). Therafore B s mn e ‘;M

’non-u 3n e R, + 2n | |
Tt - 0 MR comm

AB "

where L is the disiaace Lo the mirror, and R, and R; are illustrated in
Fig 4

The amplitude of the modulated radiation is less than Lhe totat
{rradiation from the "non-u® annuik. Thertu arv two {mportant types of
radiation distribution ou those annali which result in no modulation what-
soever, If certain symmuirics exist in the radiation {from the Tnun-u®
annuli, then to {irat order theve {8 & unaform irradiation of the roticle
and no modalaiiza. U squal radiators ave placced in the pair of pusitions
M and N marhkoo bulow, this situation holas

M . N

a gistanch, x, feoon the loft edyge of C & distance, x, fr:\-m the leit edge of ¥
a cistanen, x, from the loft edge of D & distance, x, from the lefl rdge of £

Muro important is the case of the radiation pattern on the window
which 18 eylindrically symmoetric with respact to the optical axis. In thia
case the Irradistion of the detsctor 8 aleo cylindrically symmeiric and
thers is no modulation,

2. False Signal Duc to Matiun of Optical System with Respect to
Missile Window )

In tracking or searching when the aperture scans acroas tha radi-
aLon nox-uniformities on the window, the dutector sees a false signal
vhose [(requency {8 somre function of the scannlng rate. la this manner
a false signal might he produced that has a harmonic at the chopping fre-
quency. '

TR 227 . 3
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Owing to the geowetry of the folded mirror system, radiation

frowms Lhae target passcey through an annulus of the window, centered on
e wptical asin,  The aptical axis is free to move £ 207 with rus;.;é‘t! to
the anis ol the missule, 1o trackang 4 tarpet, We vl abate here the
radiation {romn the annulus incadent on the detector where there 1a rela
Live moetion between the gptical svstein and the window,

The hemispheric offec dve radiation fzom puints un the winduw
Laa been valeulated, bascd g the temperature distribution of Fag, 3
{Crom Ref, 2) for flight at M = 3.5, and &t an altitade of 50,300 fect.
L ridiatiun _d;slribuliun is svinmetric »boat the direclion of nrolion
of the nisaile. In Fap, i, thie distriblivn has been piouvd. Uois
ehe polay angle wilh resps of to the dirocion of motion, the hemispheric

radsation is will represented by the furm

Joiws - (2.2017 « GOOLI (Ui o) cffective watte/em? (2)
Theae figaree corren od Lo a winduw thickness of 5 mm, and includge
the offcal uf wan (guartz) ermiasvity aod apectal response of the

detedtur {dvcaeeled PBS ceil),

Lot U be the vedton 2l angle betweer the axin ot the vpltical »;stvm
ant! an arlatrary puint P or (e window, and let o be the vectorial angic
bBetween the optival wsla and the anis of the tanmperatare distribution (sec
Faie 5} Then, af s the agular covrdinate of I with respect to the

temnje ratire ass, we hase
v sy {3}

Now consider the radiativin "#om anovivanal of arca dA al Y (within the

anuvius) into the chopper. et di be the solid angly sabtended by the

chupper {as seen through the oplics) at Pu Suice the chopper 18 in the

focal planc of the optical sy=tem, 482 18 constant tor all points of the an-

nulus «nd 15 ¢gial to the solid anule of the ficld of view scen by the chopprer.
he projection of dA nurmal to the line of sight to the detec' 7 Qs

dA cos 8. Hence the radiation from dA into the detector 2

TR 277 4
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ds = -d.-:—z jo (9) cos 8 A : ""',_w.-,_..;w.v, - A4)

T e, and 0 repr-vscnt the pular angular iimits of the annulus,

then the total rudiation from the annulus incident un the detector is

2w Oz

S = R? ,‘_’:_E,z (‘ deé (‘ sin 0 cos 0 3o (Y) (5)
Jy .Jal

where ¢ is the azimuth of the point P with respect to the gpt.o

of coordinates. Introduciny Eqs. (&) and (3) wo obtain

L 8, ,
. .E:ﬁ.‘! S de 3 s ¥ cos & da[a ’ b{rno fcoae+ ¢in 0§ sina cos (¢ - 0'}}] (6)

where ¢! is the azimuthal angle of the len\peralutlra axis with respuct to
the optical syatem of coordinaten, and where a « 0,0013, b s 0,00l2,
The term involving ¢' vanishes o integration. The remaining terms

are integra xd to yield
S » 2R? dn {% {ein® 6, - aint 2,) 9% coe a {cos 30, - con 39,)} (7}
2A tBcosa {8)

the coeiiicients A and B being #2slined by the hoveo relation,
The consiants Jor ke Sidewindar aysiein have been taken aa follows:

2R 2 12.5 cm.
& = _1.71 X 10" ‘eterad
6, = 19..°
6, = 46.1°

The cocff;cients A and B may then be computed as

3.58 microwatts
2.53 micrawatts

E\, A
\ i B

-~
(]
-

TR 227 5

CONFIDENTIAL

o ey

ol

wnt

[TV

v aw A

Hau i o il o - ady

TR . b M

F




S GCONFIDENTIAL

The Foursier spectrum of the faise signal depends on the be-
. havier of the angle ¢. For a lincar variation of angle of attack
(e = conat) Eq.‘(T) is already a Fourier svries. The maximum track.
rate for the assumed system as 30°/sec (Ref, 3); this corresponds to

a frequency of 1/12 ¢pe.  Since the Sidewinder clectronics system has

We may iheaofors conclude that the false signal due to tracking
through various parts of the hemiaphere is negligible.  This resull 18
a consequence of the fact that the tracking rate is 30 much emaller than

the chopping frequency.,

3. Faluwe Signal from a Linear Ivradiatinn Dastribution

Assuine that the irradiation on the reticle 18 a linear function
of the disiance, x, alung 4 space-fixed axis i the reticle plane {sce

Fia. 6)
¢ 5 oy (] conn 4 3) (10)

where d = diameter of reticle, r = distance {rum center of reticle,
0 = polar angle, ¢)q = maximum irrachation of detector.

The tranaparsnt sectiona of the reticle have 0 boundarics given
by

"

oi T s 1« 60w (0 =0,... 24)

and r boundaries

v, N (j=1,...13)

J
Tr us tbe- signal faluing on the detector is
' 24 .
! L i+l . A
X 5= ¢y [\4 S“ du5 dr(.':_'a“L.g'. +~§-)r
‘ . i=0 * ei R
TR 227 €- i
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where R stands for the regions for 7 i thr 208003 0 51

24
. S0 . T . -
S =ty Z ii dr[-a un{g li+1)+60n t}
o * R :
2 e At 1] L}
0%— sin{% iswnx} +5-5] <@M‘z- {il)

whcré ¢ ia the retacle area,

The modulation is thus oi om‘)" 30 /e trequency. The response
of the systemn for this frequenc) is small. Roumembering that the radi-
ation from the "noun-u® aanuli is v0.078 of tlLat from the main annulus,
we have, for an unprotected hemispherical window (M = 3.5, -\‘3';‘30.-)00
feet} o

$< I x 10.7 A watts

We have here contidered ¢y to he the whole amplitude from the
®non~-n® annuli, As previously =nted the cylindrically symmetrical com-
ponent does not contribute. As Lhe value of ¢ is already negligible we
shall only make a rough catirnate of the further reduction factor due to
cylindrycal symmetry. - non-cylindrical asymmetry for a 20‘anéle-'
of ait2ck may be considered to be due to sampling by opposite sides of
the optical systvina ftum the hat and cool halves of the window respec-
tively. As discuss.d in a later léclion, this amoun*s to about 3/5th
asymmuctry. Thie reduces ¢ to

6<b6x% 107 A waus

4. Fa'se Signal from a Step Irradiation Distribution

The radiation {rom a small source may tend to itluminate one
portion of the reticle and not the remaincer, leaving a sharp boundary
between the two regions. Tho Lvuudsry line may be expected to Ue smooth

and have fc= “wigpies" over the relicle face. This case may also be

TR 227 7

CONFIDENTIAL

EETY N T T T



-y o

CONFIDENTIAL -

considered to put an apper bound on the effect of window radiatisn. The
radiation may rot tead tu g patiery as sinooth as the lnear pd!‘;‘ril dw-
sumed above, but will certainiy lead to @ much smoother pattern than
the ntcy functlion assumed now,

“?m Fig. Tcurve pis an illustration of the type of boundary curve
‘requirted tu modulate, at a 750 cycle frequency, the radiation falling on
1/50 th of the reticle, It is so irrcgular and "wiggly® as to be extremely
mprebable, On the viher hand, Q 18 & very likely buundarvy curve, but
it modulates the radiation {alling wn one of the upen areas only, 1/3001h
of tay raticle arca. It s canily aven that anv curve, modulated at 750
/8, must have sharp wigples to mudulate a yreates DHaction of the ar
radiation than this. Straight lines cutling more than one gpen arca do
&G ir auchk o way that the difivrent arcas compensate cach other as the
reticiv spins. Modulotione of predter amounts of adialion can be ob-

S0 ¢y
tained buf at {requenives of i««y;i#«: {n annteger > 1), As the frequency
reepoase of the dotector is critica’ we may (otventrate gur attention

on the 750 ¢/ modslation. Then

L
¢ - 10

U the window produccs a stepdike irradiation of the reticle it
must be due (o 4 wnali arca of the window, acting approximately s o
point source, At M - 3.5 and h < 50,000 {fuvt the radiation {from a paint

on the window will not exceed éy - »x‘."g A watta,

4 FAMMRTYOe A g Ry gasEuruars
LR R A IR A Yo )

G

As has Deen 3ho ., there are two types of time dependent ir-
radiation of the detector, the type that is independent of the chopper and
the type that is produced by the chopper. The {irst arises {rom (he
chopper Heing uniormly and time dependently ivradiated. The second
arises from the time independent non-uniform irradiation of the chopper,

" The detector and amplifier systemn considered has a sensitivity
to radiation depending upon the modulation frequency of the radiation

incident upon the detector. The sensitivity is preatest for the chopper
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fraquency {5. The ratio of the amplitude of the ayatem output for radi-.

ation modulated sinusocidally at a‘frequency f to the amplitude for sinus-

oidal modulation at frequency {, is cal ed the rdlative k-espénsc, T eof

the iyllem at frequency f. The relative response may be approximated

by a Gaussian distribution: . ) T e e oy

.(&.:_fn)Z
= e 4 ué?,w.t._ﬁ.,_,

where the constant 4 determines the width of the distritution.

Ty

Let us consider only the window radiation which irradiates the
reticle symmetricaily. Due to the symmetry of the irradiation the
Toticle does not modulate this irradiation. Thua thews will only be a
false signai if the window spike radiation received by the annulus ia
time dependent,

Such a time dependence may be obtained fron changing tempera-
ture distributions on the window, or from the scanning of the optical
system over diffcrent portions.of the window. The former oceurs at
8 very alow rate, and may be neglected if the latter is shown to be un-
important,

We shall concern ourselves with a karmonic scanning of 20°

"amplitude and a {requency, { of 5 c/e.

1. The Fuurier Analvais

Let ¢(t) be the irradiation of the detecior as a function of time, ¢,

U ¢(t) is a periodic function of time with pericd I.'l, then it

may be analyzed into a Fourier series:

-
é(4) = %ce(o) + Z [Q, (n) sin 2wf t + g4 (n) cos 2wt ]“3,
n=1
where I '=7nfa _
TR 227 9 4 .
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-1

-8 .
. sin ),
¢ gin) = 2, So & 8 () CO’}.« tnt

- -

Cos

+1
:=.:S dchm{'“‘}:nnx (1 4)
L)

where X = {,¢,¢' (K} = ¢(t)

and the subscripts "o” and "¢" reprewent the odd and even £ourict com-
ponents of (1) respuctiveiy,

U ¢{t} is not periodiv, but e transient, then the above analyais
into a Fousier scries must be replaced by o Fuurier tranafurm., The
canes treated will be periodic. The conclusions obtained will be valid

{or transients alao.

2. Efllevtive lrradiation

I ‘we assumne that the detector and anplificr system is lincar
{respoase to two sitnuitancous signals is the sum of the responscs
which each siunal alone would produce) then we may consider the re-
sponve to tach {requency componeni yepasatniy. Since rj is smal)
untess f {a near {5, the response will be negligibls except kar such fre-
quenciey,  The amplitude of the component of ${1) having frequency {,
is

NI TR

The sysiem vespunse to this component will have a certain amplitude;

if irradiation of ampiitude
Ry = rg SE ) + ¢E(n}

and frequency {, irr-’.-xdiat,ed the detector, the system respunse would be

the saine. Thus, inthiz sense, Ry is the effective radiation correspondiag
TR 227 10
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to th? component of §{1) of frequency {,. Then we can define the of.
fgative yrradiation corrcsponding to ¢ (i) as ’

R =§“ Ry, ts)

nxl

3. The Flux ¢ (1) frum a Conical Window

We will now consider the case of a conical window, We ses
from Fags. 19, 21, '2 and 23 of Refl. 4 <hat the radiation {rom the cane
varies amosothly, and spproximately linearly with the height coordinate
of the cone. The flux saccepted by the annulus will vary even more
smoothly with the orieulation of the opticral axas than the curves, be-
cause the annulus intagrates large portions of tha cnrve, The aunulus
accepta radlation from abwut one half thn window al any inatant.

In general, when the optical axie moves ofi the rMmissile axis ons
part of the annulus moves to cooler rogions, while the opposite part
moves o hotter rogions, tending to vompensatle. We shal) (g~ e this
hewever and wee {or thr amplitude uf (lux variation, ‘M' the diffnrencs
i trradiation obtained Ly integrating tirat over the warmer half of the
abo.e mentioned vurves, and srcoadly aver the cooler halvas.

Exnmioing Figa. 19 and &1 {of Rei. 4) we gbtain Spg (P be appruxi-

mately 0,2 of the tolal radiation for the cone at 20° attack angle. From
Figs. 22 and 23 wr obtain LIV be approximately 0.5 of the total sad;-
ation {07 e coux ot 07 attack angle. Thus the maximum valus of #y,
{or the given valucs ul attack angle, Mach number and sltitude, is ap-
proximately

oy = 06 X 10 watts/um? tor M = 3.5, n = 30,000

and a 20" angle of attack.

If we consider the variation in ${t) with angle to he linear, but

the opiival system (0 be scanning harmonically, we have

$it) = - by | gin 22 £ 0] ¢slcad',' {16)

il

~
-
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The abaziuta value gignifies that the temperature drops as the optical
axia assey the coné «xis from any direction. This is in fact a derivalive
discontinyity which in practice is singothed gver, Thus we may expect
that the hxgh lrcqucru compeacnts wy get arc c.ugbcrxled and we over-
estimain the deh.-ctnr responec K,
‘ Combining <gqa. 14 and lo,
i
N
$.(n) = - 4oy, ‘S Tl eindw K| cos ZmnK dK

/

-

','i!‘_”. F"ij"'ml- n = even

T ey n = odd
0
while #,{n) [¢]
Therefore
4r
e ¢ N« even
w(n? ~ 1] °M
R Y
n n = add
[+
and
“ + \'f‘)
R o= A A |
naeven

For example, 1 {, =5 ¢/wec., f5 = 750 ¢/nec,, & = 189 ¢/nrc.
{where this value for A corrcsponds to a J db loss at 100 ¢/sec. from

fo) we have

-3 -3

K 0.6x J0O "< K<10

Thus the (ffective irradiatiou [ron the window is less than

0.6x 1077 watis/cm?
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D. CONCLUSIONS

The expertad falve signals calculated here are reasonably small

6 effective watte/cm?.

compared vith a target signal > 10°
1f the false aignal here calculated iz atill too large for certain
desired target signals a remedy would be tc sharpen the response curve
of the detecinr, At presem r; = 1719 ferx , f - {ul = 300 ¢/5. Thus
the detector aystem passes a large fraction of those components of {re-
quencies which are only sixty times greater than f, and only 15 times

greater than { Tiie is serious for step function type curves which

q
decrease only inversely as the multiple n. Decreasing the widlh of rg
has the elfect of decreasing the number of multiples nof {4 or fq in the
pass band. Note that we ace assuming a uniform sensitivity over the

detector surfare,
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PART 1I
RADIATION FROM SPIKES

A. INTRODUCTION

Previously, (Ref, 4),the effect of aerodynamically hented windows
irradiating their deteciurs bas been computed for certain temperature
distrioutions on conical and hemispherical windows., The use of & cone
reduces the irradiation canpared with that {rom a hemisphere, when )
the cone is at 0% aftavk anglt Jue Lo the lower teraperalures on the cone.

Becausy the cone has less aerodynamic drag and is heated to a
soinewhat lower temperature than the hernisphere, it is to be preferred.
nowever in using a conical winduw, the temperature reduction may not
be greal snough te justify the cost and loss in optical resolution. Com-
;;rnmlno shapes such as pyramida with hemispherical tips have been
sugesizd but such shapes will irradiate their detectors more inteasely
than a cune,

In order to cffect a raore subslantial decrease in detector irradi-
ation, prevent image quality deterioration, and vet maintain the law deac
of the cone, the use of a spike has been proposed to replace the window,
{Ref. 13 A protective waindow {(probably hermispherical) could be uged
with the spike 20 reduce air currents. However hecause of the prescnce
af the #pike the tumperatures on the praotective winduw will be reduced
below those on the original window, The spike reduces the pressuie
ioading on the window so that a thiuner shell may be used. Since the
windaw intensily is appruximately pruportional to its thickness, a thin
hemispherical protective window would irradiate the detector less, cven
at the sarne temperature than a thicker hemispherical window, However,
the spike itself is heated aerodynamically and as it is seen by the optical
sysiem a’ certain times it introduces a new series of problems. We
will therefore evaluate the cifocts of a spike-window on a2 Sidewinder

type detection zystem,
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B. SFIKE PFOSITION WITH RESPECT TO THE OPTICAL SYSTEM

A realistic length of & spike for the sssumed Sidewinder type de-
sigzn would be 5,57, Figurs & with a line drawn out 10 point A showg the
pesition of the proposcd spike an axis. Instcad of rotating the optical
systvim with respeet to the spike, as it would bappen 1n practice, the
analysis is simplified by moving the spike araund the pivot point. In prin-
wapie, one ghould alsg rotate the windaw, but the vdges of the window will
ot cut off any of the radiatiun and, consequently, this was not done. Spike
pusitions B, B¢, C, and C! repreaent rotations of the system through 5.5
degrees, 7,5 degrees, 10.5 degrees, and 13.5 degrees respectively.,

A vay of light paraltel to the axis, {axial ray}, which 18 not masked
by tue secondary plane mircor, will strike the primary parabolic mirrur
and be {ccussed at the middle of the detecter, The present optical dewign
also allows that a ray at plus or minus 1.5 degreen from the axial ray
will also Le focusacd onto the detector if it sirikes the prinary mirsor.

Ray B is sbtaincd by drawing a line to the vdge uf the secondary
plane nurror wnask at 1/2 degrevs below the axial ray, the interscction
of Rey B with the u;x\kc~pusilion arc startang at point B. The line from
point B to the venter of the windov represents the retative spike-optical
systern rotated 5.5 degrees. Ray B is the ray below which no part of
the gpike will be seen because of the effect of the sccondary plane mirror
1 Rk,

Ray 3 is drawn by starting at the edge of the plane mirror at
1/2 degreea above the axial ray. The line drawn between point B! and
the pivot point represcents the gpike position for a system rotation of 7.9
degrees.

Ray C is drawn 1/2 degrees below that axial ra - which intersects
the guter edge of the primary mirror. Ray C'is 1/2 daprees above that
sanie axial vay. ‘rhe significance of these pointa is as follows:

1. No luminous point between Ray A and Ray B
will be seen by the detector.

4. o luminous point above Ray C' will be seen
bucause it ts outside the {ield of view.
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3, Every luminous point between Ray C and Ray
B! will illuminate the detectcr symmetrically,

4. Points in the region between Ray B and Ray B! ;
will illuminate the field asymmetrically.

5. Points in the region between Ray C and C!
will algo illumianate the {field asymmetrically,
but in the opposite direction from those be-
tween B and Bl

A:l rnagking will have no effect on the angular field, bui it wili
affect the clear aperture.

The acrodvnamically heated spike in positions 3, 4, and 5 will
irradiate the infrared detection system:. Tle purpose of this section
is to evaluatc the effects of the irradiations.

As we have shown previously, there is a range of cpike positions
in which the irvadiatian of the detection aystem is indeper;dent of spike
positions. For any relative motion between the spike and the optical
system wilhin this “ange of positions, the consequent detector irradi-
ation will e independent of time, As for relative motiorn, beyond this
range we may analyze the irradiativn into time independent and time de-
pendent components. '

We will first cunsider the magnitude and the effects of the time
€ 8% -

' A N imm ~ R NS I P
indanendent irradiation of the detoction &) atvin,

C. TIME INDF.PENDENT COMPONENT

Consider 4 spike 0.5 ¢m i diameler. It may at times be at an
angle auch that its projection bridges the anuular aperture shown in
Fig. 8.

The rnaximum temperature of the spike will be no greater than that
of the original hemispherical window. We will also assume that its maxi-
mum thickness (0.5 cm) is the same as that of the original hemiephere
and that it has the same emissivity. Thug an upper limit on the irradi-
ation of the detector by the spike will be obtained by multiplying the
irradiation from the original hemispherical window by the ratio of the

projected area of the spike to the area ot the annulus,
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irradiation from spike . 0.5x 5 = 0.016
irradiation {rom hemispherical window w157 T35 .

If we add a4 spike protruding {rom the front of the hemispherical
windcw, then the resulting reduction in window temperature cuts its
radiation 16 abeut 1/5 of its formcd value., In addition, the usc of the
spire reduces the air loads so that if a sufficiently thin window can be
Uded, then the window radiation can be further reduced to be equal io
that {rom the spike. To achieve this reduction in window radiation, its
thicknces would have to be reduced to 1/12 that of the unprolected window,

The t- tal irradiation will then be about 0.032 of the irradiation

4 watts/cm? for

from the unprolected winduw; the latter being 2.1 X 107
M = 3,5 and h = 50,000 ft.

Therefore it is csatimmated that the vse of a spike even wath « thin
hemispherical window would reduce the time independent component of
radiation. For example for {light at M = 3,5 at 50,000 ft. the irradiagion
is reduced Ly a factor of (L03 tu lcss than 10‘5 watts/cm?. The sensi-
tivity of a I’bS detector vouly tirua Lo unaf_{cc.cd a8 its response is unaf-

feoted Ly background irradiations of less than ‘I(J'4 cffective watts/em?,

D, YIMTU-DEPENDENT COMPONENT

In [rart i of this report, ageneral cxpression was given relating
the wffective crvadiation of the deteclor te the time dependent flux output
from the window {or spike). We shall now cstiinate this irradiation for
tisw case of the acrodynamically heatuc spike.

We have previously estimated the maximam {lux received by the
aanulus from the spike. As the spike may be enitiely out of view for

part of the scasuing period, we have

Py = 35 X 157" watts/(m?

It is pussible to conceive of the radiation coming from a small
regicn near the tip of the spike. The tot.’ r2diation is then likely to Le

less than that estimated above but we shall keep that as an upper bound.
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In this case #(t} will approximate a step function. The radiation will
suddenly appear as the tip of the spike projects over the inner edge of
the annulus, then vanish after it goes over the outer cdge, etc. Ina
complete oscillatiorn. there will be four steps, thé scanning inotion
sweeping acrosa both sides of the annulus twice,

This is equivalent tc a periodic function of fr;iquency fq =4f,
deicribed by '

1

ir

o () = 4
1

Ty

A= A

witl periodic repctitions.

Letting f, = nfq amd K ={_t, we have

q ’
#p(n) = 0 nel
y n
>
~ ¢ prig! {n odd)
tln) = 29, 5& cos 2mnK dK = { AL 0 A
4
0
Therclore
: [ern
n = ey ¢}v1 n = odd
n
L Q n = even
dnd
R = fiﬁ”_ N T
T % o
n =odd

For the sarme parameters aa in Part [ of the report, but re-

member'ag we are concerned wilh i'q, not f;, w= have

R =0.16 M

Thus a considerable part of the signal is in the good reception
region.
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We may then expect as an uppe? iimit, radiation from the spike
of 5 x IU‘; effective watts/oms®,  Itis certain to be much less than this,
as &{t) 1s aubstantialiy smoother than a ‘step function. This smoothing
3a duw 1o the source pol buing concidatrited at the tip of the spike and
the prescnce of the aforementioned bands at the edger of the annulus over
which a point source does not fully ivradiate the detcctor. Again, it ie
to be remembered that if the hot section ia sma'! QM will be smaller
than neutioned here. The acidal signal can be expected to be at leaat

ten Lmes smaller than the 5 X 1071 offoctive watts/cia? derived above.

E. CONCLUSIONS

Ap in the case of the time- lepoadiut tudiation frum windows, the
signal level from the apike will generally have only a small component
at the chopping frequency, It is assumed, howevcer, that the cinissivity
af the spike is low and that the chopping {roquency is well separated from
the scanning frequency with only chaopping-frequency signals pasaed by
the amplifying system. The emissivity of the spike is discusscd at length
o Appendix AL

Appendix B gives an analysis of ihe radiation trom partially
tranaparent stabae having a temperature gradicent. Here we find that
the radiation i1s greater in the direction of the gradient. This asym-~
melry in radiation changes the resulia of the ralenlation nf apike
omissivity given in Appendix A, This correction, which corresponds
to the energy traasfiered by canduction is usually neglected, In any
given cage ils magnitude can be found by comparing the power trans-
fered by condaction to that radiated,

To miinimize the radistion from the spike, it should be of low
emiagivity and as than as possible. It must, however, withstand the acro-
dysamic loads and high temperatures encountered in {light. The selection
of optimum material optimurn shape, with possibly the intruduction of a
coolant into a hollow spike presents an engincering probiem with many
practical sclalions. It is even possible to design an optical system which

will never see the spike. Such an arrangemoent is described in Appendix €.
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APPENDIX A
FMISSIVITIES OF CYLINDERS

Here we shall nresent calculations for the diroctional emissivity
of both dielectric and metallic r>diators with circular cross-section.
We inclide the effect of multiple reflections for the general cylindrical
case which, at present, does not appear in the literature. McMahon,
Ref. 5, Lreats multiple reflection for an infiaite plane slab in the normal
direction, while a paper by R, Gardon, Ref. , extends McMahon's re-
aults in all directions for a plana-paraliel slab.

The cylinder under investigation is of infinite length, has radjus,
@, and is characterized by volume emissive power ]l; JINT): Le,, the
intensity of radiation smitted by 1 cm? of material of thickneas dx into
a dUferential solid angle dQ1ie j{A,7) dx dil. The absorption coeffiiient
is k{X\, T). )

The cylinder has an optically smooth surface, a6 we can apply
the usual boundary conditions for the Maxwell egusiion { A €<a) which
result in Snell's luw and the Fresncl coefficients betwesn incident, co-
flected and refracted amplitudes.

It follows from Snell's law that for a given direction of radiation
there is a unique cross-section in the cylinder {rom which the radiation
emanates. The intersection of the cylinder by the plane {determined by
the radiation ray and a vay normatl to the cylindrical surface) is the de-
sired cross-section. This ernss.asction talbes on 2nly three shapes:
rectangular, circular and elliptical. We shall treat them firei s«pa-
rately and latcr give a general farmula embracing all three ckscs.

A. RECTANGULAR CROSS-SECTION

The previcus treatment of this case was by McMahon and recently
by Gardon. McMahon has considered only radiation normal to the slab;
while Gardon gave a gensrzl treatment for all angles of emission g. Our

intermediate results differ, but that is due to differeut definitions of intensity.
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1, (0) = %]Z (I =-rg) {1 - exp(=2ank/Nn2 < sin20)}

l-rgexp(-2ank/Nnz=3sind

(1-r,) {1 - exp{~- 2ank/Vn? Zain? 8)}
o) = fp ———

I, -1

Tht total ‘intensity is I = 1, ¢ 1g and the degree of pularication = L T
t'p and Ty are the reflection coefficient for the material. ~P
Theae resulls are plotted in Figs. ¢ and 10 with the following values

1

uded

n 1.5
e em

In Fig. 9 we have twa plois for thickness 2a = 0.5 cm and 22 = 1.016 ¢*n

and in Fig.l0 we have sinular results for an opaque slab, esacntially fer
"a slab with a —= o )

According to our definition, if the emittirig body obeyed Lambhert's
law, we would have just a straight korizonta .ne. The deviation from
the straight line thus gives as the deviation {rom Lambert's taw.

For a slab of finite thickness there will be a maximum for the
lutenaity emaitted at woine Go which is o function of the thickness. Ihis
results from the competition ot several factors; namely the reflection
coeflicient which is a function of 8 and the exponential in the numerator

and denominator.

LIL IR ST .

Direction of
ad.e®0n

A-A teongn Py}
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B. GIRCULAR CROSS-SECTION V

In a similar manner we can calculate the radiation coming out

at the rim of a circle.

Durachion ot Radighion

A-A {=hen & s 90%)

The length of the optical path ie 2a ros @’ and as a result the
radistion emanating at the surface (vithout multiple reflections) i»

£{l e ~kla cos 9‘}{: - R(BI)}

and similarly to the infinite plane slab the rosult including reflected
vadiatior is

& {:vg-thco- ot L‘:mb . * . B8
-t

~kia COB R{6Y)

This result ia obvicus for values of @' such that it takes an {nfinite path
tiil we get a closed polygon but it alaso holds true for §' = ;. % s boe,,
when we can {nscribe a closed polygon of which the ray under consideration

ia one side of ¢he polygon.
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) &4 ?‘0_2-!_
Let therc be an n-sided polygon, Then the contribution from the

i-th side of the polygon (i = 1, 2 . . . n} reaching P for the first time ia

%{l - o ~2akcos 9'}{1 - R(S')} (!‘- 2ak cos a R(O‘)} =1

and for tie mi-th tirme argund (m =1, . . .« is

: -1
{': (3 A 2ok cos "'}{1 _ R(ﬂ')}{e - 2ak cos Of R (,;u)} m )

N

Swinning this

bl n
z Z {;(l _.‘.’zﬂk cos B'} {1 - R(G')} {e_zak cus G'R(W”m(-"n

w
u >’ j “_c-lakcm 3'; {1 - R(a"}} (e-».’.;kcos a'R(e,”n
- g

c - 2ak cos f:‘} {1 - j{a*)}

-~ Q.E.D.
1 - e-...ﬂ( 3 G'R(G’)

- o

In this casv the resalt is similiar to the infinite plane except that

the length of an unbroken path is bounded by tiie diameter of the circle.

sou) (1o ){1-exp-zak Va¥ Tai? 8/ n))

k(N Ty 1- Ty exp (-2ak /nf - 6inf ® /n)

IP (8) =

. (1 -z ){1-exp(-2akvn? -sint 6/n}}
1 {0 :’.‘L}&Il. . —
8 ka7 1 ~r, exp {-2 akVnl - sin? 8/n)

TR 227 24
CONF!DENT!AL

=




CONFIDENTIAL
C. ELLIPTICAY. GROSS-SECTION

For a thin slab of elliptical shape the inclusion of multiple re-
flection becomes extremely difficult so we compute only the contribution

of the first path which is

2ak {1 + m?) N T+ tan? 5']

L1~ Tvof (1 7 an’ 777 j Ll"nwi)
2
R

]

) !

{

!

Y
¢
X

Suppose wc observe radiation emitted in the direction K. since
by our assumption about the nature of the surface Snellts law {s obeyed,
the radiation will emerge from the cross-suction of the cylinder cut by
the plane through the Z-axis and R. Clearly this cross-section will be
an ellipee whenever $ £ 0 or ¢ £ ;

Let's rotate the coordinate axes through Z such that ¢! = 0; i.e.,
Y¥! cuincid=s with the projection of R on the x-y plane,

The squation of this ellipse will be
H 2 2
fzra)’ , _ myl o .
Y at (1T + m?%)
where m = tan ¢, The cross-section will have the following shape
. 2a(l + m?} BERS
S E Tk ¥

ks tan §!
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The result ig

o) = gl =Ry (1= T MNTY

the prime aun {1(0} is tu denote thatl tais resull is the zevoth approximation

to the final, exirapolated result as glven in the subscquent formula,

Dicection 01 Radistion

A-A fahge O ¢ P 190%

Here we coguld anly get the emitted intensity withaut reflection.
This result is

_ -2a{l + ¢} n NAT T3in’h
‘ (0) - T) “ -t )£1 bxv n’ - gin? 5 + n® tan’ ¢ ]
' ' - [ 2ak ¥ rZ Seint 9]
Tp TP n
~2a{} +tan®é n I @nl 0 }
T (6) = o2 T u- '-){' - "'"p[ nf ~ wint b ¥l tan’ &
] - » =z
1 - LI L'XP[-zak '}‘ —sin” '?]

We shall find it convenient, however, to use an empirical ex-
pression for the elliptical case including multiple reflection. The
jestification for this procedure lies not so much in the fact that our
expression reduces to the right limit at ¢ =§, $ = 0, i.e., for the
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ractangular and the circutar case respuectively, but much more in the
{fact that the difference between the approximate and true result is amall
anyway for the particuiar values of k, n which are of interevat., So we
can write our empirical result

[w2a {1 “1an2 8)nn¥ = sin? §
(1-:-) l—!xPL—-;_.,nza‘»nz tant 0

1 - 5 exp[ 2a {1 + tan? @V R? < tant ]

ne =~ sinf O + nl tane @

nd ~ sinf @ + nl tant §

- z Jrt o
(-~ r.) 1 - cxp[ a {} + tan? 8) nvn Teinf g I
-2 2 T~ L")
1~ ., e’xp[ 2i §1 +1an® 8 nWn sin 9]

L0 = 4

nZ - ain? § + nd tan? ¢

D. TOTAL RADIATION FROM CYLINDER

So far we have ygotleu expressions for the intensity for the three
ditferent cross-sections. However, we would like to have an expreasion

which 38 valid for any one of the cross-sections. As will be ghown later
this result is needed if we want to calculate the intenaity of parallel rays

amerging at a given angle, We propose an axpression of the form

o e JLT) G- R) {1 -6 stkMT)
Fi0) = gty G- ST

whaere F{8) stands for either frw)or l.(O) and R stands for either r oorr.,
And '

23 {1 + tani 9)

i ICR LY T

sec B!

2a {1 + tan? ¢) TSR
PR RT U YR Ganrg TN - s

a {1 + tan? &)
T < sln’ 553 n’ lane

n By TElnt §
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We shall show that the abbove expression has the right limit for ¢ = 0 and
$ = ; i L.e., when the cross-section is either rectangular or circular,
a) When ¢ = 0, tan? ¢ = 0 and
2
S = m:l:ﬁw- in agreement with our previous results.
b} When ¢ » ; then we can neglect 1 with respect to tun! ¢ and
(n? ~ sin? g) with respect to nt tan! ¢, so that the limit ia
%‘- Wo¥ < aln? 0 in agreement with our previous resulta,

We may then calculate the intensity emanating from cylinder per
unit length and into an infinitesimally small solid angle dfi at angle @ with
the Z-direction, In the usua. definition intensity {s defined as

I Um w
THL T

de — 0

d -~ 0
where 8 {s measured {rum the normal to the emitting and tnvoi-nd
area ds, We generalized this definition somewhat 2o a8 to meet our
present renvirsments, We first sval=ate the total energy radiated by
*he burale of vaye in ths y direction and into & solid angle dw (this i
where the factor cos & cos y cntere later into the integrand), and then
divide by cos §. This definition can be stated symbolically as

1 . W
poe T U™ goev T
dw — @

where 'W! {g the power radiated by the cylinder acroas the upper or
lower half per unit length, This definition is somewhat artificiac Gut very

_ useful in our spplications,
' To clarify the problem, we draw the iollowing dlagram

TR 227 28

CONFIDENTIAL

o - 2




{
!
;

e e | e i i

oy i o vcr om0+ v

In order lo perform the integration we have to capress the direction

cosince of each vay in a lransformed coordinate system Z', Y, X! where

vhe norinal to the cylinder a( the point where a given ray emerges is the

new Z' axis. That is, for each ray we rotate the ccordinate system

acound the x-axis through an angle §.

The angles 0, and ¢ ueed in our formula for § are related to

the directicn cosines in the {ollowing way:

cns o

tlnt'm i cos@wmcosy
whese
co.a-u.'. ; co.ﬁmi_-_x.:;gadco.y:—.-—'_l
IR| . IR] IrR|

Next we need an expression for the change of direction cosines due to the

rotation.

Writing the rotation matr:x we get

cos 3 0 -siny 0

0 1 0 cos 20°

siny , O cCOn cos 70°*
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cos @ = - sin (cos 70°)

cos 20°

]

cos B!

casy! = cos ¢ (cos 70°)

cos 8 {cos 70°) con

tan ¢ a2 - gin W {cot 70°)

As a rcsull we have the integrals on the following page.
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With these preizimanary resalts we are ready to ta

problenit e, to ctalculate the radiation cmanating from a radiating

cylinder,

Weoe want to . llLuldlL the Mintensity® of vadiation from the upper
half of lite «ylinder ner anit length into a given direction.

Let us digress for a while un the meaning of the word Mintensii, ™
For the sake of convenience, we calculalz the

as applied te this problem.
results by

energy radiating into d2 around the direction 8 and divide the

cos X.
Proceoding with the calculation we get
/i '
: ' . 1 . -8 (x.\.')
Fpi s A2 | deelowll . Lo.ay
N -
9 (1-o(x.e)e’ (X-‘b))
"/l - "
Foegp [ LoleUoe otk N
s 2 .~ - 1 )
S R R AT
F4
N =[ cn8 xcos w - Vn? -1 +.osly cost
Locos X comny+nf - 1+1costycosty
e 2ak (1 + cot? y sinfeln W% 1 ¢ cosly cus?y
n? cot? xsin? y+(n? -1+ cos? xcos? §j
e -J €08 xcos u[cos ycosd - n? +n? -1 {2
cos x cos ¢ cos Xcosy+nt] +n -1
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The precveding integrals are nothing but a detailed deseription of the
followinyg integrals.

1

I ==

v 0¥ % 5 fp (W) vos ycos ydA

1
W ——
8 cus )

1 S‘ fs(..p)coaq;co:di'

We can get the preceding rasult from these integrales immediately
it we recognize the fact that the augles appearing in ’P' [! which refer
to the normal at the point of emispion have to be described in terms of
the angles of the rotated coordinate sy s.em where the normal coincides
wiws Z.  This ‘mtégra! can be evaluated numerically, Some reanlts are

plotted in Fig. 1i.

E. EMISSIVITY OF A METALLIC CYLINDER

The analysis in this case is mumilar t+ . dielectric one, Asa
result of the different boundary conditions w. _ ' difserent expressions
{or the reflection coelficierts, Furthermurs iu the {inal expression we
can omit the exponential terms becauac the magnitude of k will attenuate
the radiution affer the traversal of a wavelength,

The final expressions for the cylinder are

L1
p"c'ET)E S‘ !; (4} cos pcos xd A
R :
» S Torx S i‘(‘b)couwco-di
. [l - &0 (x,/r,) cos® x coet § ~ .Z.........._“r’ 0% cos y coey +1
£ = >
p o
L 60 (\/rc) cos? ¢ cos? ¢+ E-%‘t)”— ceay cos g +1
e
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- NELTN -
fl -~ 60 {\/rg} ~ =" cosy cos  tcosPxcos? ¢

f = e L
B N
L6l {\rg) 4 S coB X €O 4 cosdy cos? §

where h is the wavelungth of the ersitted radiation in cm and rg 28 the

resintivity of the emitting metal in vhm-cm.,

F. RADIATION FROM METALLIC CYLINDERS

The emissivily of a melallic surface as a {function of *he angie

away from the normal is given by the following expressions {Ref. 7).

: 3 v 30
L= 60(0/r)cos? 8- 25— cos @41l

T - le
“G{n/r ) cos? 0+ —,«:U}— cos B+ }
e
1 ~60{(0r.) ~ -(-:-——-—'r 30\ cos G + coat 8
2{0) 3~ <
60 {\/r ) + i;f-L con g + cas? §
L

waere X is the wavelength in cm of the radiation cronsidered and r, ia
the resistivity of the material in ohmecm.

The calculations have bBeen carried cut both circular and aquare
metallic cylinders, Wavelength .\ was takcn aa two microna, and re-
siativity for silver at 9C0°K was taken to be 5 X 10'6 ohm-cm., The
resistivity {8 an approximate value, since the values published in the
* Handbook of Chemistry and Physics® vary {rom nvestigator to in-
vestigator. Emissivities of other meials are given in Fig. 14, The
characteriatics of the metal are such that a cylinder of radius one half
of the fused quartz cylinder radius will suffice for sur purposes; we
arc able 1o compare on this basis the radiated intensities &/ both nu-
‘mericaily.
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The results {plotted in Fig. 13) show by comparison with Fig. 7
that the total intensity radiated from the metallic cylinder is considerably
smaller {at each of the angles 705 75, and 80° calculated) than the tatal
intensity from the dieleciric cylinder,

Another conclusion whiti. may be of greater inferest ia that if
we consider the use of a polarizing shield around the abject in the di-
clectric casc the intenaity will ha cut approximately by & factor of &
while 1n the metallic caac the inteasily is reducced by a factor ranging
fram 18 to 47 geing from 70° to 80°,

Qifhand il svems alranye that this polarizing effect of the metal
ir not observed in reflected light, bu. the explanation in fairly obvious.
For waat it amounts to is that R/R, ~ 1, where &; refera to the re-
fiectiun coefficicnt of the firal compouent and R, refers tu the reflectich
coefficiral of the sciond component, and 1 -R; /1 - R, « 20. Say lor
the sake of ilustration that R, /R; = 0,2 and that

Then subatituting the firs! rdtio into the secund we pet

1
R; = m‘{

Then if Ry aad R, are very cluse t~ 3, the vatio § R/ - R, csn be
much larger thaa R;/R;.

Both dielectric and metallic square cylindere may be considered
{Fig. 13} with the resals that if only one side 1» viewed the radiation is
smaller than the correspending radiation eu:iived fram the upper half
of a circular ¢ylinder of the saiue volume. However, if we include the
total maximum vicw, that is two sides of the sguare cylinder, the total
radiation is larger.

We shall auw state a theorem which will enable us to tell which
of two emitting ohjects gives the smaller values of 1A (I = intenaity and
A = Area viewed) when the objects have the zame volume.

Theorem: Given an emitting object the absorption coefficient
of which is different from zero, the smaller A/V is for a given volume,
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the smaller is the amount radiated.

We :\h:!'.';.\re-:e it for u very special casc: a glab of material of
thickness d and width w, coefficient of eflection R aqd coeffirient of
absorption k. Lt dw = constant. We have for the radiation emitted
in the normai direction per unit length across w intv an infinitesimal

solid anglec an expresuion

w1 - R){L - %Y

l- Ra-kd

Fe=

The above expression includes mulliple reflections.
Diiferentiating with respect to d and substituting for w = ¢/d

and equating lo zcro we get

dyy - kd

-k .
0.g UK L Rke” T = 71

1 - Re’ ! -~ Re

While there may be relative minima for d < o, at d — ® the minimun
is absolute. The groof could be generalized for arbitrary shapes and
volumes,

As a resull, we can ciuce that for minimum radiation the

metallic cylinder should be used,:
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APPENDIX B

RADIATION FROM PARTIALLY TRAJISPARENT SLABS HAVING
TEMPERATURE GRADIENTS

We shall conpider the lollowing problem here, Given a plane-
paral'al infinite slab of muierial with thicknuss d; by means of external
heut paths ‘v¢ kesp the two boundaries at different temperatures, Asa
result of this type of heating we get a temgperatare diatribution ineide
the material T(x); where T{0) = T, and T{d) = T;. (See Fig, 1}

Let a bearn of light of intenyity Ig(v) entar the medluin normally
to the surface, What la the inteneity of the emozgent beam I{d, v} when
T; € Ty and T, {a as shown in the disgram and when T, and T, ars
intarehyacad?

We shall agsume that T{x) varies slowly enough so that we do
not violate local thermodyriamic equilibrium wanditions too violently,

The squation of transfer one usualiy writes down for such a
problem is

dl ’
33"‘(".)’-‘.’-"".“) b p“!Y}‘, [jvixl)'c‘rl'm;“) - kv(!.&’.l“,(".?.t.‘.m.n)]

wherw ads = (15‘-’; + rns% 4 "Bgi‘
where £, m,n ars the direction corines. Ons next makes :se of the

assumpiion of *local thermcdynamic aguilihrium® and pute ,lvt'kqu('X_’)
(Kirchhof{ Law), Howevar this naw equation,

41,
4z * Pk [B - ‘J » in
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does not tell the whole story, The above equatlion does not take into

accornt that jv(x) also dependr on the amount of incident intuneity at the
poilut x. To reinedy this situtation, one works directly with the Einstein
coefficlents as defined for thermodynamic equilibrium. The esult is a

modified equation

dr
35 = Pk} [BT) = 1] 2)

where k! = kv[l - exp - E{. ]

Solution f the above equation

We limit ourselves to propagation in the normai direction (x direc-
tion ouly) and therefors get a one-dimensional squstion, (Actvally thie
restriction s not too unrealistic bacause the emerging beam will not rcon-
tain contrihutions from radiation emitted :n directivns different from the
normal),

S0 we have to solve the following:

dI (x} I{ 2hy 3 ]
v h 2h 1
o) Iy ( ::'r?sa)J [ o W i ‘V‘X)J vl
: T ET(H
Equation (3) 1s of the form ¥ + yP(x) = Q(x) Oy

/
o h
where iz = pkv[ I« exp k-— T:'T"(’;))]

2hvdpk, 1 -exp ~f "")

v EI‘X'
and Qix] = =z -3 i {
XPRTN)) ~

The solution of {3)! is

yi{x) = exp[ - j‘: P(S)dsj]» ‘YK{Q(*]) expi‘ S‘: P(S}ds]}

El.
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If we further apecify the inttial condition that y(0} = y, then the solution

in:
T ax i rx .
yix) » oxp | = g' P(S)ds Qn} exp (( ;.v(sms) dn + ¥o
1 Jo Jo T\ s ~
or translated into our problem we get

T v - .oy “7\ h 1
o[ S el -]

-/ ]
Su zhv:?' (i - "‘P{“ F’Eflm oxp iS: pkv (1 - ””p[’f’;}gﬁ}) As]dn

s} .RPE%T] -
+ xv(O)

Discussion of Resulty

We wish to compars 1 {1 )(d) for the case wien the beam traverses
tha alab in ths dircction of !m.r-a #ing tmnparaturs witk 1 (Z‘(d) beam
traveralng »lab in direction of decreasing temperatare, lehout lose of
generality we can assume thatT(x) » Tl + ax for cave i and Tx) = Tz - ax

for case 2

Iv(l)(d) x exp[ -y: w (1 - oxp [-m;-l:r-"-m] ) dx } X

st fr,__“";??"l o §7 1 - ool errciten]) =
]

+ IU(O)
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v h
and 1(:) {d) = exp {— S‘ 0 W (3 - exp {— Yr](;“-:‘-i—(m} ) dx J b

11%Y

o 1o e
J\ Ny ——:f-‘-— S "*v[ﬁ' “<""*"[‘m;)?_‘4m])”5]

x| TS ey ) !

l.et us form the differrnce

d -
t} {2} - . hy
lv( () - lvl = exe f ) SV(‘ “ (l - (xp[- km + ("‘,] ) > J )

. RS [, LA L
{g: ax' g ‘p[ E\v i *]:'r.".l ] <«-xp{ 5‘0 w (l - F.xp[— ml—}—:-"—m.‘ ])dp J-

exP{ ‘Wl T ax"

‘“: o1 - o[- i) ) "“])}

e ooelomm ]
exp[ﬂ,r}—';—m} 1
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W at -
[18Y
d 3 1 - ex - e ]
an pr[‘g 0 :w ( pr[ W nm]),]l}

S R ey iy N

One car casily sce the A(x') 19 decreasing with X' ind that B{k'; 4 - !}

ie nor.-negative everywhere, This lullows from thc fact that

(1 = 2xp [= hu/k(T, + op)]) te a decreasing function of B, 3o it foil-a

that 100y - 1)) > 0.

Wit

Now lct us ask another qurstion, Do the same conclusions huld

¢ - x')

i kv imcreanen with tempesature? Natarally if kv(x) (1 = exp| - he/K(T; + ox}])

is otill a decreasing function then the conclusiuns are the same.

Next should k (x) (1 - exp [ = ho/R(T, + ax}]) be independent of x,

than I m(d. e (')(dj
And the 'hxrd puulhllny that

& (x) (1= exp[ = ho/K(T, + ax)])) > Gythen i ')(u)

(2)
~ 1t d) <0

I{d, v)
x
T{d) =+ T, /
xsd — L
P
=0 g
x b4 T{0) = Ty
Light
Bearna
Li{w
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APPENDIX C
INVISIBLE SPIKE

It now remains to consider methods which will conceal the spike
feom the duetector,

There are two poasibilitics. First, the spike can be angled so
aa to be hidden by the secondary wnirror. Since the angle between the
optical uxis and the missile axis and the angle of attack of the missile
arc no reiated there would then be positions in which the spike wonid
be at tou great an angle with reapect to the d/rectizi of motion for best
acredynamic operation. A hetler solution is to a.d, xt the optical system
00 48 lo 1:.ask a spike fixed ¢n the missile; for cxémple, by moving the
accundary mirror.

As the optical sysiem s tilted to follow an ofl-axis target, the
physical spike generally comes 1nto the view uf the detestor, and unless
ptecautions are taken a signal is produced. A simple method of shield-
ing the sprke trom view, by means of a :oving secondary mirror, will
he described here,

The pranary mirrvr ui the optical systemn 18 rotated about the
focal point when an off-axis object is to be observed, Al the same
time the sccondary mirror is tranalated parallel to itself in the plane
ol its silvcred surface. The translation blocks the spike {rom view,
Since (L7 Jocai point ir. unchanged and the plane of the secondary mirror

ig preserved, the radiation is focused at the same point at all times,

* ard hence the detector is left stationary. A slot in the primary per-

mits lilting the primary about the axis of the missile while leaving the
detector stationary, The slot may be so placed an to be in line with
one of the supports of the sevonda»y, . thai . edditivual iaformation
is lost through its presence., Ther nio.:.p (ke nrimary dnas not pro-
duce @ gigna! when different parts of the slot come into the view of the
detector. ‘ ‘
Using a geomelry where the diameter of the aperture is 113 cm
and, the length of the spike i4 cm, (see Fig. §) one finds that the secondary
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must cover abeut 1/4 of the aperture in order for the mirror to shield
out the spike for a 20°tilt.  This still lecaves one with a reasonably hagh

f-npumber in our {lattened cassegrainian systcin,

Secondary Mirror

Datector

Primary Wirror

Primory Motion

,Ophc Bxig
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